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Background: Enterococcus faecalis (E. faecalis) and Porphyromonas gingivalis (P. gingivalis) are oral
bacteria related to root canal infection and periodontal disease pathogenesis. Strawberries (Fragaria x
ananassa) fruit are rich in vitamins and minerals, have antibacterial and antioxidant effects. Objective: This
study investigated the inhibition effect of strawberry extract on monospecies and multispecies E. faecalis and
P. gingivalis bacteria grown as biofilms in vitro. Methods: This study used E. faecalis ATCC 29212 and P.
gingivalis ATCC 33277. It analyzed the effect of strawberry extract on bacteria biofilm formation using a
biofilm assay on microplate wells. Five concentrations of strawberry extracts were used (100%, 50%, 25%,
12.5%, and 6.25%), and the inhibition effect was observed after a 1h, 3h, 6h, and 24h incubation period.
Biofilms without the strawberry extract were used as the negative controls, and crystal violet and safranin
(0.5%w/v) were used to count the biofilm mass. The biofilms grown on microplates were counted using an
ELISA reader at 450 nm after 200 mL of 90% ethanol was added to attract the absorbed stain. The strawberry
extract inhibition effectiveness on the biofilm formation of each bacterium tested was analyzed using one-way
Anova, where p<0.05 was defined as a significant difference. Result: The strawberry extract inhibited the
tested monospecies and multispecies bacteria biofilm formation. The optimal strawberry extract concentration
for the inhibition of either monospecies biofilms was 100%. However, the optimal incubation time for the
strawberry extract to inhibit the multispecies biofilm formation was 24h, which was the study’s biofilm
maturity phase. Conclusions: The 100% strawberry extract concentration inhibited the formation of both the
monospecies and multispecies E. faecalis and P. gingivalis biofilms. Future studies are needed to evaluate the
potential of strawberry extract as an alternative dental therapy.
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The most prevalent oral infectious diseases are
dental caries and periodontal diseases. Dental caries
is the dissolution of teeth by acid produced in the
oral bacteria metabolism of dietary carbo-
hydrates.1 Plaque bacteria ferment carbohydrates to
produce acid and reduce the plaque pH to 5.0–4.5.
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Caries is considered an endogenous disease due to the
major bacterial species that induce the deminera-
lization.2,3 E. faecalis is a catalase negative, Gram-
positive coccus that generally occurs in pairs and
short chains. This species is commonly found in the
oral cavity as a persistent bacterium in infected root
canal teeth, especially in endodontic cases with
persistent periapical lessions.4 P. gingivalis is an
opportunistic, Gram-negative, oral anaerobe bacte-
rium that is frequently isolated as a pathogen that
causes periodontal disease.5
Several primary methods are used to prevent
endodontic-related infection and periodontal disease.
Primary prevention procedures are performed before
clinical symptoms of a disease arise.6 However, in
recent years, people have begun to prefer natural
remedies over chemical remedies.7
The popularity of strawberry as a fruit crop is due
primarily to its unique aroma, sweet taste, bright
color, and high concentration of nutrients.
Strawberries contain a high concentration of
flavonoids, which have potential human health
benefits, including acting as an antioxidant.
Strawberries, which are rich in vitamins and minerals,
have antibacterial and antioxidant effects,8 contain
proanthocyanidin,8-11 catechin,9,11-12 ellagic acid,9,13-14
and anthocyanin.10,12,15-16 Previous studies state that
the ingredients in strawberry juice showed
antibacterial effects on Streptococcus mutans, which
can help inhibit biofilm formation.8 Therefore, this
study evaluated the inhibition effect of strawberry
extract on monospecies and multispecies E. faecalis
and P. gingivalis biofilms in vitro.
The effects of strawberry extract on E. faecalis
and P. gingivalis biofilms were analyzed using a
biofilm assay. One colony of cultured stock (-80oC
E. faecalis ATCC 29212 or P. gingivalis ATCC
33277) was inoculated in Brain Heart Infusion
(BHI) broth and incubated at 37oC under anaerobe
conditions. After a 24h incubation period. The
suspension was diluted to achieve the optical
density (OD600) of 0.250–0.300 and obtain a 10
8
CFU/mL bacteria concentration. The 200 µL E.
faecalis and 200 µL P. gingivalis suspensions were
distributed into 96-microplate wells and incubated
for 24h to grow the bacterial biofilm. The
strawberry extract at different concentrations
(100%, 50%, 25%, 12.5%, and 6.25%) was added
to the wells, and the biofilm inhibition effect was
observed after 1h, 3h, 6h, and 24h. Biofilms
without the strawberry extract were used as a
negative control. Crystal violet (0.5%w/v) was used
to count the biofilm mass of the E. faecalis biofilm,
and safranin (0.5%w/v) was used to count the
biofilm mass of the P. gingivalis biofilm. The
biofilm formation was counted using an ELISA
reader at 450 nm after 200 µL of 90% ethanol was
added.
The differences between the experimental
groups were analyzed using one-way ANOVA. A
p-value less than 0.05 (p < 0.05) was considered
statistically significant.
Strawberry extract inhibits the growth of
monospecies E. faecalis biofilm and multispecies E.
faecalis and P. gingivalis biofilms. Inhibiting E.
faecalis required a 100% strawberry extract
concentration and a 6h incubation period (OD =
0.860  0.028) (Fig.1). Inhibiting the P. gingivalis
biofilm required a 100% strawberry extract
concentration and a 6h incubation period (OD =
0.187  0.029) (Fig.2). Inhibiting multispecies
biofilm required a 100% strawberry extract
concentration and a 24h incubation period (OD =
0.138  0.014) (Fig.3). The one-way Anova test
results showed a significant difference (p < 0.05)
between several concentrations and incubation
times.
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Figure 2. Strawberry potency to inhibit Porphyromonas gingivalis biofilm formation.
Figure 3. Strawberry potency to inhibit multispecies (E. faecalis and P. gingivalis) biofilm
formation.
Figure 1. Strawberry potency to inhibit Enterococcus faecalis biofilm formation.
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This study evaluated the effects of strawberry
(Fragaria x ananassa) extracts on the biofilm
formation of monospecies and multispecies E. faecalis
and P. gingivalis in vitro. The extract concentration
level was adjusted by serial dilution of extracted
strawberry in several concentrations using BHI broth
as the medium. The extracts were made using fresh
strawberries (Fragaria x ananassa). Based on Balitro
laboratory result, it has been shown that our
strawberry extract contained high levels of flavonoids
(proanthocyanidin, anthocyanin, ellagic acid and
catechin) 50.52 ppm and for catechins 0.69% by using
spectrophotometry as the testing method. Strawberry
(Fragaria x ananassa) contains proanthocyanidin,
catechin, ellagic acid, dan anthocyanin.
Present studies demonstrated that pro-
anthocyanidin had an inhibiting effect on
Staphylococcus aureus biofilms17, catechins in cacao
fruit (Theobroma caccao) inhibits Streptococcus
mutans18, ellagic acid on pomegranate seeds (Punica
granatum L.) inhibits Candida albicans19, and
anthocyanins in grape skin (Vitis vinifera L.
var. Alphonse Lavallee) inhibit Bacillus cereus,
Micrococcus luteus and Escherichia coli20. It has been
reported in previous studies that strawberry juice has
an antibacterial effect against Streptococcus mutans
that can help to inhibit biofilm formation21.
Based on the group of concentration, this study
showed that strawberry extract 100% is the optimal
concentration to inhibit biofilm in each bacterium
tested thus that it showed the most effective in
inhibiting the biofilm targeted. Normality test with
Shapiro-Wilk method obtained in this study for E.
faecalis, P. gingivalis and multispecies have normal
distributed data group. Whereas One Way ANOVA
test were obtained in this study for E. faecalis, P.
gingivalis, and multispecies is 0,000 which means
significantly different. Then proceeded with the Post
Hoc test with Tukey Honestly Significant Difference
(Tukey HSD) to detect significant differences based
on data from the study. Based on Tukey HSD test,
each incubation time and concentration showed
significant differences if compared with the negative
control (BHI). Overall based on data of E. faecalis, P.
gingivalis, and multispecies biofilm, it has been
proven that the strawberry extract was effective to
inhibit the growth of biofilm formation.
Strawberry extract is able to inhibit E. faecalis
and P. gingivalis, either as mono or multispecies
biofilms. Thus it could be used an alternative
therapy in preventing endodontic-related
infection and periodontal disease. However,
future studies are still needed to evaluate its in
vivo effect.
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